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1. Introduction
RAN4 has discussed about requirements for RLM, but there has been still remaining issues including N=1 condition and scheduling availability. In this contribution, we provide our views on remaining issues regarding RLM requirements.
2. Discussion
2.1. Conditions of N=1 for RLM
At the last RAN4 meeting, some companies proposed to revisit N=1 condition described in the current specification as marked by yellow. 
	TS 38.133 [1]
[bookmark: _Toc526331670]8.1	Radio Link Monitoring
8.1.2	Requirements for SSB based radio link monitoring
8.1.2.2	Minimum requirement
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_SSB [ms] period becomes worse than the threshold Qout_SSB within TEvaluate_out_SSB [ms] evaluation period.
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_in_SSB [ms] period becomes better than the threshold Qin_SSB within TEvaluate_in_SSB [ms] evaluation period.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-1 for FR1.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-2 for FR2 with
-	N=1,
if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH SSB that has QCL-TypeD, or
if the SSB configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or
if the SSB configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting, and the QCL association is known to UE;
-	N=8, otherwise.
~~~
8.1.3	Requirements for CSI-RS based radio link monitoring
[bookmark: _Hlk521596955][bookmark: _Toc526331673]8.1.3.2	Minimum requirement
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_CSI-RS [ms] period becomes worse than the threshold Qout_CSI-RS within TEvaluate_out_CSI-RS [ms] evaluation period.
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_in_CSI-RS [ms] period becomes better than the threshold Qin_CSI-RS within TEvaluate_in_CSI-RS [ms] evaluation period.
-	TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS are defined in Table 8.1.3.2-1 for FR1.
-	TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS are defined in Table 8.1.3.2-2 for FR2, where
-	N=1,
if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH CSI-RS that has QCL-TypeD, or
if the CSI-RS configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or
if the CSI-RS resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE;
-	N=FFS, otherwise.


For SSB based RLM, three cases are specified as conditions where UE does not need to perform Rx beam sweeping, i.e. N=1, as following.
Case a1: UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH SSB that has QCL-TypeD.
Case a2: The SSB configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE.
Case a3: The SSB configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting, and the QCL association is known to UE.
In Case a1, based on RAN1 specification [2], UE cannot expect that TCI-state for DM-RS of PDCCH indicates QCL-Type D with SSB, and hence, condition of Case a1 would not be satisfied. In Case a2, some companies argued that UE needs to be allowed to perform Rx beam sweeping even when configured SSB for RLM is QCL-Type D with DM-RS for PDCCH. That is because UE would have no chance to know appropriate Rx beam for PDCCH reception if Rx beam sweeping is restricted on SSB configured for RLM which is QCLed with PDCCH DM-RS. From this argument, it would be also difficult to apply N=1 to Case a2. When it comes to Case a3, it would be necessary to consider which resources UE utilizes to obtain Rx beam information. As mentioned in our companion paper [3], if SSB configured for RLM is QCL-Type D with CSI-RS for L1-RSRP reporting, UE could train Rx beams either on SSB for RLM or CSI-RS for beam reporting to know appropriate Rx beam for the RS resources. In the current situation, RAN4 has already agreed that UE performs Rx beam sweeping on CSI-RS configured for L1-RSRP reporting, and present description related to Case a3 should be kept in TS 38.133. Otherwise, UE would not need to perform Rx beam sweeping on CSI-RS configured for L1-RSRP reporting if the CSI-RS is QCL-Type D with SSB configured for RLM. Based on above discussion, we made following proposal.
Proposal 1: At least following condition of N=1 for SSB based RLM should be kept in TS 38.133.
· if the SSB configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting, and the QCL association is known to UE
For CSI-RS based RLM, following three cases are specified as same as SSB based RLM.
Case b1: UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH CSI-RS that has QCL-TypeD.
Case b2: The CSI-RS configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE.
Case b3: The CSI-RS resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE.
In terms of CSI-RS base RLM, it would not be necessary to revisit the condition where N=1 could apply except for Case b2 since UE could have some knowledge about Rx beam for RLM in case of Case b1 and Case b3. In Case b2, similar discussion could be made as SSB. In other words, even if CSI-RS configured for RLM is QCL-Type D with DM-RS of PDCCH and QCL association is known to UE, UE might perform Rx beam sweeping since UE would not have any opportunities to determine appropriate Rx beam for PDCCH reception.
Proposal 2: At least following condition of N=1 for CSI-RS based RLM should be kept in TS 38.133.
· if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH CSI-RS that has QCL-TypeD
· if the CSI-RS resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE
2.2. Scheduling availability
	TS 38.133 [1]
8.1.7.3	Scheduling availability of UE performing radio link monitoring on FR2
The following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.
-	If UE is not provided high layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH SSB/CSI-RS that has QCL-Type D, or if the SSB/CSI-RS configured for RLM is QCL-Type D with DM-RS for PDCCH
	-	There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH.
- Otherwise
[bookmark: _Hlk517630302]-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on RLM-RS symbols to be measured for radio link monitoring, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE.


In terms of scheduling availability for SSB based RLM in FR2, only the case of same SSB SCS as PDSCH/PDCCH is described current specification as captured above and marked by yellow. From our point of view, however, there would be no scheduling restriction when UE performs RLM on SSB with different SCS than PDSCH/PDCCH and UE supports simultaneousRxDataSSB-DiffNumerology. In addition, current description in the specification mentions that UE expects to receive RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. In our understanding, this description was introduced at RAN4 #87 to prioritize some PDCCH/PDSCH measurements than RLM since condition of no scheduling restriction was not considered at that time. After that, it was agreed that there was no scheduling restriction when configured SSB/CSI-RS for RLM is QCL-Type D with DM-RS for PDCCH. Therefore, it would be more consistent to apply following scheduling restriction due to RLM.
· There is no scheduling restriction due to RLM if following condition is satisfied. 
· SSB/CSI-RS configured for RLM is QCL-Type D with DMRS for PDCCH
· When performing RLM with different SCS than PDSCH/PDCCH, 
· UE supports simultaneousRxDataSSB-DiffNumerology.
· Otherwise, 
· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on RLM-RS symbols to be measured for RLM.
Based on above discussion, we made following text proposal.
Proposal 3: Following text proposal should be applied to 8.1.7.3 in TS 38.133.
[bookmark: _Toc383690747][bookmark: OLE_LINK26]<< Start of Text proposal >>
8.1.7.3	Scheduling availability of UE performing radio link monitoring on FR2
The following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.
-	If UE is not provided high layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH SSB/ CSI-RS that has QCL-Type D, or if the SSB/CSI-RS configured for RLM is QCL-Type D with DM-RS for PDCCH
	-	There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH.
- Otherwise
-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on RLM-RS symbols to be measured for radio link monitoring, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE.
When intra-band carrier aggregation is performed, for other serving cells on the band than FR2 serving PCell or PSCell in the same band, the following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.
-	If the RLM-RS is type-D QCLed with active TCI state for PDCCH/PDSCH, and N=1 applies for the RLM-RS as specified in section 8.1.2.2 if the RLM-RS is SSB and in section 8.1.3.2 if the RLM-RS is CSI-RS
-	There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH.
-	When performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH, for UE which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring. For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for radio link monitoring.When performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH, for UE which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring. For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for radio link monitoring
-	Otherwise 
-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on RLM-RS symbols to be measured for radio link monitoring.
When intra-band carrier aggregation is performed, the scheduling restrictions apply to all serving cells on the band.
Editor’s Note: FFS scheduling restrictions for inter-band carrier aggregation will be defined depending on band combination in future.
<< End of Text proposal >>
3. Conclusion
In this contribution, we provided our views on requirements of radio link monitoring, and we made following proposals.
N factor for Rx beam sweeping
Proposal 1: At least following condition of N=1 for SSB based RLM should be kept in TS 38.133.
· if the SSB configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting, and the QCL association is known to UE
Proposal 2: At least following condition of N=1 for CSI-RS based RLM should be kept in TS 38.133.
· if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH CSI-RS that has QCL-TypeD
· if the CSI-RS resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE
Scheduling availability
Proposal 3: Following text proposal should be applied to 8.1.7.3 in TS 38.133.
<< Start of Text proposal >>
8.1.7.3	Scheduling availability of UE performing radio link monitoring on FR2
The following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.
-	If UE is not provided high layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH SSB/CSI-RS that has QCL-Type D, or if the SSB/CSI-RS configured for RLM is QCL-Type D with DM-RS for PDCCH
	-	There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH.
- Otherwise
-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on RLM-RS symbols to be measured for radio link monitoring, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE.
When intra-band carrier aggregation is performed, for other serving cells on the band than FR2 serving PCell or PSCell in the same band, the following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.
-	If the RLM-RS is type-D QCLed with active TCI state for PDCCH/PDSCH, and N=1 applies for the RLM-RS as specified in section 8.1.2.2 if the RLM-RS is SSB and in section 8.1.3.2 if the RLM-RS is CSI-RS
-	There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH.
-	When performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH, for UE which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring. For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for radio link monitoring.When performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH, for UE which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring. For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for radio link monitoring
-	Otherwise 
-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on RLM-RS symbols to be measured for radio link monitoring.
[bookmark: _GoBack]When intra-band carrier aggregation is performed, the scheduling restrictions apply to all serving cells on the band.
Editor’s Note: FFS scheduling restrictions for inter-band carrier aggregation will be defined depending on band combination in future.
<< End of Text proposal >>
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